Introduction
Saccharomyces cerevisiae yeasts are well known from centuries for their importance in the production of different fermented foods (wine, beer, cider, bakery products, etc.). however, industrial fermentations are complex ecological and biochemical processes, during which yeast cells are subjected to a number of adverse conditions. Mostly they are exposed to different kinds of stress, such as oxidative, hyperosmotic, ionic, high temperatures, nutrient limitations and starvation (17) . During ethanol production due to its toxicity yeast metabolism and growth are damaged (8) . extreme conditions like these lead to decreased reduction in growth survival rate, and therefore tend to reduce fermentation efficiency. The better and faster yeast strains are able to adapt to changes in the environment, the higher is the probability of being the dominant strain during the industrial process. the molecular basis of the technological properties of industrial yeast strains is still largely unknown. however, it is well documented that the fast growing yeast cells possess vast possibilities for adaptation to the ecological environment by changing the specific expression profiles of their genomes (14) . Furthermore, genetic research on industrial yeast strains has reveled that these microorganisms are capable of rapid response to changing environmental conditions by adaptive genome reorganizations (11) . the later may undergo different chromosomal changes such as: spontaneous mutations, mitotic crossing-over, gene conversion, chromosome rearrangements (6, 9, 15, 18, 22) , as well as formation of interspecific hybrids between industrial Saccharomyces strains (4) .
in this sense the development of rapid and simple methods for yeast strain differentiation and genetic stability characterization is an essential tool for industrial fermentations. the availability of typing techniques that enable detection of genetic rearrangements at strain level is necessary for both yeast users and producers, in order to ensure that commercialized dry yeasts are identical to the original selected strains. over the years, several methods have been developed for differentiation of yeast strains such as karyotyping, RAPD and PcR fingerprinting, but their reproducibility requires special care and occasionally the interpretation of results can be difficult (7, 21) . the mitochondrial DnA restriction analysis (mtDnARFlP) has been also used by various authors to differentiate S. cerevisiae industrial strains (1, 10, 12, 25) . in order to facilitate this method, a simplified procedure for isolation of mtDNA was developed, which reduced the time for analysis and could be applied for specific detection of genetic changes in the genome of industrially important S. cerevisiae strains.
Whole genome typing methods
Pulsed field gel electrophoresis chromosomal DnAs was prepared by the embedded agarose procedure as described by Vezinhet et al. (24) . electrophoresis was carried out on a tAFe system (Beckman Geneline i, Palo Alto, Calif., USA) in TBEx0.25 buffer (22 mMTRIS, 0.5 mM free acid eDtA, 22 mM boric acid, ph 8.0) at 10-12 0 c with a constant electric current at 140 mA. the gels were run for 16 hour with a switching interval of 10 sec.
Preparation of genomic DNA 100 mg dry yeast cells were resuspended in 600 µl 50xte buffer (20 mM eDtA, 50 mM tRiS-hcl, ph 7.5) in microcentrifuge tubes. next, 60 µl 10% SDS was added, the suspension was homogenised on Vortex and was incubated for 10 min at 65 0 c. the tubes were transferred on ice and 340 µl 5 M ch 3 cooK was added to each of them. Samples were incubated for 10 min on ice and the resulted pellet was discarded after centrifugation for 10 min at 13 000 rpm. to the supernatant an equal volume iso-propanol was added, the suspension was gently homogenised by inversion and was centrifuged for 10 min at 10 000 rpm. the resulted pellet was washed with 95% ethanol, dried at room temperature and resuspended in 100 µl te buffer (10 mM tRiS-hcl, 1 mM eDtA, ph 8.0).
PCR analysis with d-primers
the PcR analysis was performed according to ness et al. (13) . the following primers were used in the study: d1, cAAAAttcAcctAt and d2, GtGGAtttttAttccAAcA. the PcRs were performed in 50 µl reaction volume with 40 pmol of each primer, 1 ng of DnA template, 2.5 mM dntPs, 0 c was performed. The products of each amplification reaction were resolved on a 1.5 % agarose gel (Agarose nA; Pharmacia), stained with ethidium bromide, and visualized under UV light. the gels were photographed with the Gel cam Documentation System (Sony), and the photographs were scanned to produce a computer image.
Methods for mtDNA typing
Cell-free extract preparation 100 mg dry yeast cells were suspended in 1 ml 0.4 % cetyltrimethylamonnium bromide (ctAB) in disintegration Buffer D (0.5 M sorbitol, 10 mM eDtA and 50 mM tRiShcl, ph 7.5) as described by nedeva et al. (12) . the cells were incubated in this solution for 10 min at room temperature and then were harvested by centrifugation at 4 500 rpm for 10 min. the permeabilized pellet was mixed with glass beads (0.15÷0.2 mm) in 1:2 ratio and either 1 or 2 ml Buffer D were added. three 5 min cycles of mechanical disruption were carried out in a vibration homogenizer VhG 1 (B. Braun, Biotech international Melsungen, Germany). the cell debrises were removed after centrifugation at 3 500 rpm for 10 min. the obtained supernatant, containing mitochondria, was centrifuged at 16 000 rpm for 20 min. next, mitochondrial pellet was carefully washed three times under the same condition with buffer D to remove the adhered genomic DnA. Isolation and purification of mitochondrial DNA the obtained pure mitochondria were subjected to lysis for further liberation of mitochondrial DnA. each mitochondrial pellet was resuspended in 0.7 ml lysis Buffer B (100 mM nacl, 10 mM eDtA, 50 mM tRiS-hcl, 1 % Sarcosyl; ph 7.8) and the samples were incubated for 30 min at room temperature.
Mitochondrial DNA purification was performed in two alternative ways:
1. Phenol: chloroform: isoamyl alcohol purification to each suspension, containing mitochondrial DnA, an equal volume phenol: chloroform: isoamyl alcohol (25: 24: 1) was added and centrifugation was carried out at 12 000 rpm for 10 min. the upper phase was transferred in new microcentrifuge tube and equal volume phenol was added. After the second extraction procedure the mitochondrial DnA was pelleted with two volumes absolute alcohol and 1/10 volume 5 M ch 3 coonh 4 (ph 5.2). the incubation was carried out for 2 h at -20 0 c. ethanol precipitates were centrifuged at 15 000 rpm for 20 min, mtDnA pellet obtained was dried at room temperature and resuspended in 20 µl te buffer.
Potassium acetate/iso-propanol purification
to each suspension, containing mitochondrial DnA, 360 µl 5M ch 3 cooK was added and samples were incubated for 15 min on ice. the precipitated proteins were pelleted after centrifugation at 13 000 rpm for 10 min, the obtained supernatant was transferred in a new microcentrifuge tube and equal volume iso-propanol was added. the samples were gently mixed through inversion and centrifuged for 10 min at 10 000 rpm. the mitochondrial DnA pellet was washed with 95% ethanol, dried at room temperature and resuspended in 20 µl te buffer.
A summarized description of the four approaches for isolation and purification of yeast mitochondrial DNA is presented in Table 2 .
Mitochondrial DNA restriction analysis
The purified mtDNA was digested by the restriction endonuclease eco RV (Boehringer Mannheim Gmbh, Germany) as described by the manufacturer.
Results and Discussion
Improvement of DNA extraction procedure the mtDnA-RFlP analyses have been used by various authors to characterize and differentiate S. cerevisiae industrial strains and have been reported to be successfully used in discrimination among yeast strains isolated from the same must and in monitoring the presence and prevalence of a specific yeast strain during the whole fermentative process (15, 16, 20, 23) . Usually, when mtDNA is analyzed, yeasts are recovered from commercially dry form in order to further obtain culture in liquid medium. however, this procedure takes at least 24 h and thus the results are vastly slowed up. For genetic control of industrial fermentations, this delay is far much time consuming, especially when a rapid yeast genome mapping is required. Using the bakery strain S. cerevisiae nBiMcc 583 we attempted to develop a simpler, time saving and cost-effective procedure of mtDnA extraction. in our previous study (12) we have modified the method of Defontain et al. (5) by introducing cell wall permeabilization with ctAB, mechanical disintegration to brake open the cells, and subsequent isolation and purification of yeast mtDNA. In this study we further improve the technique for mtDnA isolation by direct use of 100 mg dry cells, thus avoiding cultivation step and considerably shortening the procedure for DnA isolation. Furthermore, after cell wall disruption and isolation of the pure mitochondrial fraction, four different methods for mtDNA purification were compared ( Table 2 ). in two of the preparations the reaction volume was reduced from 2 to 1 ml and two different methods for protein and DnA precipitation were compared: phenol:chlorophorm:isoamyl alchochol against 5 M potassium acetate and ethanol against isopropanol. The obtained electrophoretic profiles of the isolated and digested with eco RV mtDnA showed no difference in its qualitative and quantitative characteristics (Fig. 1) . Moreover, the half volume reduction reflected in lowering the price of sample preparation and in facilitating the performance of the consequent procedures. in addition, the replacement of phenol/ ethanol with potassium acetate/isopropanol reduced the partial loss of mtDnA in the interphase between organic solvent and water as well as avoided the use of carcinogenic substances. An essential advantage of Variant 3 ( Table 2) for mtDnA isolation and purification is 80% shortening of the time for the whole procedure (mtDnA isolation in 2 -3 h). To further confirm the applicability of newly developed method for mtDnA isolation and for detection of the genetic stability of industrial microorganisms, 6 yeast strains, used in different fermentation processes (distillery strains, for bakery or wine production), were chosen. mtDnA was isolated and was digested with eco RV. the obtained mtDnA restriction profiles (Fig. 2) demonstrated that this modified method could successfully be used for characterization of commercial yeast strains as it gives clear, reliable and reproducible results.
Genetic stability control of brewing S. carlsbergensis strains In order to investigate the genetic stability of five S. carlsbergensis strains, which are industrially applicable and are used for the production of 5 different types of beer, we tested the sensitivity of three molecular methods: mtDnA-RFlP analysis, PCR fingerprinting with δ-primers and chromosomal karyotyping. After applying PCR fingerprinting, only two very similar characteristic DNA profiles were observed, although yeast strains were isolated from different sources (Fig. 3) . the same results were obtained when analyzing the chromosomal patterns of the tested strains (Fig. 4) . on this basis the studied brewing strains could be separated in two groups: Group 1 for strains 177, 181 and 184, and Group 2 for strains 182 and 183. Further, when restriction analysis of mitochondrial DnA was applied, again two types of patterns were visualized (Fig. 5) . All these data suggested that although the different conditions have influenced the cellular growth during brewing fermentations, minor rearrangements had occurred in the S. carlsbergensis genome and the tested starter cultures have preserved their genetic stability. the comparative study between the three methods applied confirmed that mtDNA-RFLP analysis is as reliable as the other conventionally used molecular methods, giving the same highly discriminative results. it could be also successfully applied for genetic analysis of industrial yeast populations. in addition, this method is more rapid, cost-effective and timesaving one.
Genetic stability control of ethanol producing S. cerevisiae strains contrary to the data obtained from the analysis of brewing Saccharomyces strains, a difference between the PCR-profile and the mtDnA restriction patterns was observed when distillery strains were studied. it is well known that microbial production of ethanol is a valuable and wildly accepted process and that during the fermentation process yeast cells are subjected to extremely toxic conditions. in the present study we analyzed four ethanol producing S. cerevisiae strains: 569, 570, 571 and 572, obtained from the national Bank for industrial Microorganisms and cell cultures (Bulgaria). the molecular typing using PCR fingerprinting with δ -primers revealed no genetic variations between the tested strains (Fig. 6) . the same results were obtained when karyotyping was applied (Fig. 7) . next, a mtDnA-RFlP analysis was performed and the data registered showed differences from those obtained from PcR fingerprinting (Fig. 8) . Although the restriction profiles of the four strains were highly similar, slight divergence between them was observed. the strains S. cerevisiae 570 and 572 were completely identical; however in strain 569 a lost of restriction site was observed and in 571 an additional restriction site for eco RV occurred. thus, the mtDnA-RFlP method seems to be more informative than other molecular techniques applied. it is already proven that during ethanol production, ethanol and acetaldehyde affect yeast chromosomal DnA by producing DnA breaks (19) . however, there is no information with regards to their effect on mtDnA, although it was suggested that high ethanol concentrations could lead to more then tenfold increase in the spontaneous level of mitochondrial DnA mutations and that total mtDnA could be lost and petite mutants could be generated (2) . ethanol toxicity has been correlated with the production of reactive oxygen species (RoS) in the mitochondria (3) . consistent with the generation of hydroxyl radical from superoxide, mtDnA may undergo dramatically elevated spontaneous mutagenesis, presumably due to oxidative damage.
Based on the obtained results it could be concluded that the mtDnA-RFlP method is a highly discriminative approach for analysis of population genetic stability in different industrial fermentations. the application of this technique, contrary to the whole genome typing methods, could detect the presence even of small divergence in the tested strains and could be used as a highly specific tool for genetic control of industrial fermentations.
Conclusions
A simplified procedure for genetic control of industrial yeast fermentations based on mtDnA-RFlP analysis was proposed. the method is simple to perform, economic and the data generated is easy to interpret. it gives highly discriminative, reliable and reproducible results, and could be successfully applied for assessing the influence of different growth conditions on genetic stability of microbial populations.
